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ABSTRACT: The time- dependenae of the veloeity
of a drop of alkali metal, injeeted into a
saturated moving vapor, ie aonsidered. A dif-
ference of 0.5% between drop veloeity with and
_wzthout congideration of condensation effects
18 found. :

A theoretical study of the growth of a single drop of alkali
metal with condensation upon it of a saturated vapor, in the ab-
sence of relative motion of the phases, was described in [1]. The
results of the latter paper are used in the present article for
consideration of the same drop relative to the vapor, with an ex-
planation of the role of the dynamic effect of the condensation
process,

Statement of the Problem and |,
the Basic Equation
A spherical drop with radius r, and temperature T, is injected
at a velocity Yy into a vapor moving at a constant velocity v vap

'vo. The vapor is pure ‘and. saturated, with a temperature in excess
of the initial temperature of the drop, so that condensation takes
place. The problem consists in determining the dependence of the
velocity of the drop (vd op) on time (7).

According to [2], deformation of the drop may be disregarded.
In the range of ,Reynolds, numbers in question, we can use the coef-
ficient of aerodynamlc resistance of a solid sphere in the form
12.5 Re-%:5, 1t is assumed that condensation takes Pplace in a thin
boundary layer, uniformly over the entire surface of the.sphere.
Outside this layer, the leading hemisphere is potentially stream-
lined with a known distribution of velocities [3], while on the
trailing hemisphere (due to the stripping away of the vortices) the
veloecity of the vapor relative to the drop is equal to zero.

The movement of the drop (with a simultaneous increase in its
mass) is described by the Meshcherskiy equation [4], which has the
following form in dimensionless variables:
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22 = 3.310(1 - w)2 + 1.5(1 - Wiz, (1)

where
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The law of the change in drop radius is determined by the in-

‘tensity of the condensation of vapor on its surface and; according

to Cl], is expressed by the following relationships:
in segment 0 < t < t¥%:

w=l+Z;Bt,' . (2)

and in segment t% < ¢ < +oo:
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_ Where
: TO Pva
Bz — 8P - const.
pdrop

Substituting (2) énd (3) into (1), the latter is written as
follows: . .
in segment 0 < ¢t < &%:
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l17he value of % wlth .an acocuracy up to factor B is equal to t® 1n‘

[3].



Integration of (4) in segment 0 < ¢ < t* gives
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where u, = vO/vvap'
Nonlinear equation (5).is not integrated directly. An estimate

‘of the behavior of the first and second terms on the right-hand side-

shows that (beginning with a certain ¢t = t%*%) the value of the sec-

ond term can be disregarded in comparison with the first, and (5)

can be replaced by an equation of the form

n...... m-.‘..w.. | 1)

PRSP SORUU Y

¥

.As a result of integration of the latter in the interval t##% <
t, we have:
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In carrying out the practical calculations, integration of (5)
for the segment t% < t < ¢t*% is accomplished numerically (for exam-
ple, by the Eulerian method). The calculated formula in this case
has the form :
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where the subscript 7 corresponds to the number of the integration
step.

Evaluation of the Results

The figure shows the vrelationship u(t) for the case of the move-

ment of a drép with r, = 10-% m and T0 = 4OO°K with Tvap = 800°K,

Yoap ="100 fh/sec and v = 25, 50, 75, 90 m/sec, obtained in accord-

ance with (6)3%(%) and (9).

: The first term on the right-hand side of (1) represents the
force of the aerodynamic effect of the vapor on the drop, while the
second term represents the reactive force produced by the joining
of the particles. To estimate the contribution of both forces to
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~the acceleration of the drop, it is necessary to obtain an expres-
sion for the velocity of the drop without condensation. Integration
of the equation of motion for a drop of constant mass gives

et DR (10)

T T VL S SEURDUR PR SRR

Relationship (10) 'is represented in the figure by a dashed
line. As. is evident, the difference between the solid and dashed
curves increases with time and at u, = 0.25, for example, reaches
28%. In addition, the degree of deviation is inversely proportion-
al to the initial veloeity of the drop.  Thus, condensation consi- |
derably speeds up the process of acceleration of the drop. Moreover,
in the segment 0 < % < t* it plays a critical role in acceleration.
In fact, the solution of (1) w1th the aerodynamic term .omitted has /803
the form 3
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The table shows the results of comparing the velocity of the
drop u and its velocity without consideration of the dynamic effect"
of the vapor # in this segment. The difference does not exceed
0.5%, which indicates thé prevailing effect of the reactive force
‘of condensation in the segment 0. <t < t®*, The effect of this force
weakens in the course of time, tendlng toward zero at the limit.
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